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Abstract 



PROBLEM TO BE SOLVED: To provide a spin transistor which has large magnetization dependency of 
a drain current and is superior in high speed reading. 

SOLUTION: The spin transistor is provided with a source (S) having a spin polarization part (F1) for 
forming spin-polarized electrons, a drain (D) having magnetic substance (F2), and a channel (C) for 
introducing electrons from the source to the drain. A point contact (OP) is formed between the channel 
and the drain. As a result, a high MR ratio can be obtained so that magnetism detection sensitivity and 
reading speed can be remarkably improved as compared with the conventional ones. 
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-hm&b. 

u^^^ji^b-mmvu>( >mb(^fsizTtiHyhay^ 

izx K>:^\i'ymmLtzm'F^mm-thit-^m^i¥ipii> 

e) . --y-y/u (N i ) , a^^/Uh (Co) ^bSv^tici 

b Sr^mt-r 1 ~4 ou-m*- 1 -ptiemcox 
[it*il6] fri2xtr>'{ifiigi5si^Hf)fe«ttf<c<:oii'->^< 

bh^^-rtitHi. ^t-^m'&^m^i^^j:^Zbt:mL 
f: -ri. if^ 1 * itJi 2 fciS«co;^ e >- h 5 v-i^x ^j' . 

2<J:7cil-?;*rx^j^T$>i. t Srs^t -rsit^ i ~ 

[000 1] 

%-^>y }iy'j:b'<m^^y-^—^. JSISRAM (MRA 
M : Magnetic Random Access Moaory) fcSV^IiHttR 
OM (MROM : Magnetic Read Only Monory) ^!£<0 

M^mz^=F. miiiim'F^j:ifb Lxm\>^xim^x 

[0002] 



•ci>mss.si^K7m^&A.i5Xi/mih.muzm\'^i^ix?>m 

M.'^'y]'<7)mmznobZ'bi)<§'^\ Mx.ti. m^im 
uiiico4^it. ±^&iti,zw^x. mmmimb^ 

mm^^ y Hi: LT. M.izmM&tm^-y K (Giant 
MagnetoResistance effect: GMR'^>>' H ) tO^B*^'it 

[00033 GMR^-y K{i:$e*OMR (MagnetoResis 
tance effect ) >y H i: itK . mSmtm-ttm ( M 

[0004] t^coismia^imJi, JK^x :^^-r^ 

■ny\fa.-^:^i^cr)^mfii:<=^U (DRAM. SRA 

M) izm^&ttifzmm^iii> . it^^fr^^uti. ^ 
com:fj^m9-t^b\>^o±^^j:Xj^h^'ox\.^?>. ia 

^FRAM (Ferroelectric Memory : ^^^^ U ) ^ 

[00053 -^r-C% ^®Wt:^^^i.*«RS{CM'9il 
fBTSg^rai^^U (MRAM) <Oil56ti&«)'?.tLTV^ 

^<D^cofzi^lzli±^^j:MRiti7ik-mnh^ 

riSJclt-^T J: =3rMRJtS:^^-?fc UT. rjg 

h6\'^ii^tli^bMO smh^yi^x:!^ b^m^-^h-^t 

^:ibi,zji-oxmM^-y }^'^mMjt=toim&'ti>w.!^ 

imi>hixX\.^h, 

[ 0 0 0 6 ] § <b \,zm.^¥f h ^^^^jvm^^iiZit^^ h 

\,zmd^wmmm^ixh:^^vV^v-J:K-?'^xy^v 

ts:X\::vY'7Vi^X'9\t. mUi. S. Datta ^{Ci 0 
Appl. Phys. Lett., 56, (1990) p. 665(C:^§ftT 

[5&aB*sjBg(itJ:3i:-f§ilj@] 0i 2(i. (M^^^xt 

( a ) M^ffmwm.. isiia ( b ) \i^(r>^wm,^m. 
•tmmxtbh, 

[000 7] :L(r)V'yVl^7.9\t. V-J^ScO— 
-rSSmit^^K F e 1 1 . H l^-f i^D<0-3l5^:3r-^3SJS14<^s 

F e 2 i: , ::ii/s>c7)S{ciitt^>ttys^#:«tcjej«$tt 
■i.2<5:7C«^';«fx^^:tvl^Ci:. ^-5-<^«3fE|«lSi: L 

[0008] y-xisi£05fiJiSf*:F 1 (rm\.-n^\>zvs\:. 
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[0009] -ttih-h. ^m/m^F e 1 (7m.-{t)j^l.zn 

ii<r>mmzm\^h^tiMm-^^hh, 

[0 0 10] L*^L.^r**^>, ai 2tcM*LfcJ:3^fie 
[0011] :^Wmt. *^*-I.^S«Ol2^tc«-i'V^T'5r 
[il5SSr<ll^-ri.^:i^>0*Sl ±iBSWS:^-rS7t 

^)V^tmi,YV^yUii<r>^iiZi\^^yV=i>99 hifi 

[0 0 12] t.tc. :^^^R<r>^2(r>x\^yh'yy'Jx9 
x\:ymmLfzn=F^^m'hx\:ywm^^ 
^v-xut. mmfi^^^hYv^yut. 
terns 2rQ]jD-ri. :it\.zii'o. Mv-xut^^mm k 

fc. Srfiii., m^y'-vnmff>wmz<-{/tm^^x.i> 
[00 131 ±ss^\m^m2(nhvy'jx-sK7immz 

[0 0 14] ^r±>c:c:-c\ yhay^i^ h j t 

[0015] mm. -^-c^^/i^ii^^mzx 

tl. ^iOit^(4:4'tt3{tS«-?(^)iS«**10nmiOJ^ 
Wi. ^^yhay:f^^^V<O^^Xii. 10nm&SV% 

[0 0 16] i;^. ±Mim2<Dx\::yh'?yi^x^(r)m 

[0 0 17] ^fz. mmx}::ym^ii. mmyttfz^ 

(7)milizi 'OXi:ymmLtzm=f-t:m&t?>{t^¥m 



[ 0 0 1 8 ] msd.x\L'ysmuRx/mimm¥<D 

(Fe) . —-yirfUiNi) . (Co) fcSV^ 

mmrm^ Lfzx\fy Y^jy-jx-? ^^xt h . 
[0019] flffEv-^aJti, 

[ 0 0 2 0 ] tfc. mrgxeyffi«i95&t^mteSStti!|!<o 

b-ttdi. ^^^}VWi)£^mm-h^^mb<nm^ 

[0021] ^tz. Birfe^A-^^/UPJi:, ^^c'ftcBlS 
'^fLh2mii^=i'-ffximr^tbh%><rib-ttai. ^^r^ 

*2:Tlf S C: *^T'^ h , *^H«*<0^<7)ig^, la 1 

2\,z'mi\^tcmk<T>x\:yv^yi;x^\,zii\y.x. W}c 
<ny5^<rm.'!c\z^'> Y^i^Ay^<m.^m^%\>mmb 
LT, ^^fi<ri^'0(nw^^s^m'f^tth:lbims^\.fz. 
[0022] i-ng 1 ffm&M. mc<r>^^ i^zm^-th 
f-A-^^/PSPc i: Hu-f yDb(o^<r>^mmjCi}^. mit<r> 

zbX'$>?>. -t^h-h . ym^iCD±^ ^iiV-x 
/YX^-i ym^zm^ LtzWS. b V -X/ H 1^ ^ >'0coS 
tiitfi:{:J:-oT^*-&*<. ^\tV-x/^-T:^}Viii, 

■{f^-T^)v/YVA yn<r>^mmkb^-T^)v^<r>'iim 
<m\izti:->xii^mmii^F 2W}c(^^%\izim-th<^ 

[0023] -r^Sr^)** . h' i^-f ^«giEom:^ri6]flicfftt 
(^^fOMR (Magneto-resistance) Jt) Srtg:^$-frS 

yt!i^fc{4. ^^^iv/YVAyWi<r)^wm.^mz.'^^ 

h^Lbt^-imx^h . 

[0024] *^<0M RitJ^^'/Js? wm 2 <7)SH«4, -^S 

[0025] m3c7)^H{4, y— Xi^i^^-v^vUrSEA 

xb-:^liS^J: YVA y<rmw&.W-<^x\:ymWb\,z 

J; ») M Rit $r i b ti^X% h . 
[0026] JJLhcO#^<^«. 2|s:|%BB#{4, 
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^^^^^ ^^/utcaA-t-l. c: h h . 
[ 0 0 2 8 ] 0 Hi, 2|s^<o||iS<o?g»t:*>*»S xt: 

*>. isia ( a ) \i^<mmmm.. nia ( b ) {i-etov® 

[0 0 2 9] 2ts:56HBiOh7>'i'':^:J'{4. y-XScO— gf! 

[0 0 3 0] y-xst^^ffb^xJtxtviiSi^F 1 

[003 1] y-xs^^^^-v^vi^c^*?)^^^^^® 
mmTh?>. ■t^j:i>ib. v-xm<7)x\:;>mms5F ICO 

[00 3 2] -?-LT, ^%^mh=7y'j^i^<n^. ^ 
-T^iv^ot Yu^y'Dt<r>^^z:^^y\'^y99 hQ 

i^X^<7)m^^ Hl^'f^DcO-SPSr^iBiftSSSmtt^F 

[0033] UT, *»BJ<?)i3{t-5> Tdf-f VhnV'rJ'^' 

[ 0 0 3 4 ] 02 {4, iSttftilCJ: 'om^^tifz^^ yh 
::xy-^9 h%=l-<r>^^^m.-t'm:mx'iih . 
[0035] Z.<^WHi. ±T<^®tt«fiil 10,12 



<nW}c<r)n%\izi, 0JSSu5i^ft-f-S. fifit^oS^ft^fc t 

-rglii^v:«^^-CS>-&*J, ^1x^^-th\iZ\tnH-oW3: 

(ry^s^i-<m.mt\ nmmmx'h^ifi. mi nmmm 
tmmktzib. zff)m^iimm^<r>msi,z^t^x^^ 

[0036] c:<7)J:3^^^yh3y^^h^^ 
irmmLfii^cobLXii, 2':>(r)im<7)--y'yjl' 

N. Garcia, M. Munoz, and Y.-W. Zhao, Physical Rev 
iew Letters, vol.82. p2923 (1999) tJilfJ. J. Ver 
sluijs, M. A. Bari and J. M. D. Coey, Physical Re 
view Letters, vol.87,p26601 -1 (2001 ) {C^Sfl 

[0037] nr/m i izu-^xm^Mimif^ ^icox 
o^iii^yhay^^}'QPt:x}:iyh'7y'Jx^izWL 
if^zklzx*). yD<r>-M^mm-t^m'&i^ 

F 2mit(Dfiitizj:i>m^it^mmiz:k^ < s 

[0 0 38] ;K^>-hrj>-^^hQP{4, Mtli. y- 
fciOH^ST^-S. •t^hi^>. mi (b) coi-^^fm 

c izMJB t T F ^ >• D fc:r&i3&>o TiR^-r s j^coy- 

[0039] Z<DX 0 bmUGt^r-- 

S ^ i: *-'-C # 4 . ^*l*lc?5m^tfO*:S(4 1 0 n mliLh 
h^(OX\ <1/flSl>-t^j:t>*?^-iyY^y'S'9YQF<^ 

yv^y99VQip <nmmm^<7y^T->r^-si^x^h 

[0040] ^it, m^yvay^i^VQiPii. f-^^- 
>vt:mm-^^wmif^-s^--yy^h t i 

oh^wm^^-j^yyLxmi (b)io^^:^;i^ 

[0 04 1 ]$>!,(, ^{4, ^^sJltr^fStt-fbTC^Jr^tR 

mzT^-th:Lii\izi*) ^ 111(b) c7)^-v:^;i^cc7) 
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[0 04 3] :L<r>i,o-^xx\^yhvyi^X'^im\<^xm 
3<5DJ:a^r^^'J-fe;i-?r1S«-mtf. Sf LV^^-^roH 
fiWSBtSl^q£U (MRAM) tTf!lffl-r4ii:**Maw 

[0044] X\^>mmiF 1 i: LTfflV^^^ 

tt«:F 2<^)JK'ffc2: F 1 OBS-fkii^^T** V^{iRWtcS 

^2r:ty (ON) tt^tcL, h'-y M|B L£mS Hl^ 
[0045] mi\SLhy:^^)Vm^im^^tzmfi(nM¥LAM 

b' •/ b ^mm-h H k t<X'^ h . 
[004 6] L*»t>. 2(s:5l^tJ:*Uf. J^ttfi^h^Vi^* 

Rit) a. y-xS7b>^>f-v^-;i^ctci±A§ixS«^ 
coxey«S*l::tflc^-ri.. ^ (Fe ) . nvsVUh 

(Co) ^^b'<7mm^i>^^iz^ffm-?>mmw7-(Dxi:y 

mmmi'X^5 0%m&^cr)X\ c:ix<^xt:xfflfiig?F 
1 i}^(i>i-^^-/l^CI,Z^^tl^W=?-(^m^i>m'^ 5 

[0 04 8] 2:K)-M\<>^\^ymmmcom.'f-i:^-ttti 

Mz. ^^mcr>-mmi,zii\,^Xii. y-;^st'fl:-^?^ 

fi:mz^\,^x\:^ym^<omf-immL. -e^om-?^^ 

[0049] Sfe, V-^St:J8tth:^*/l^^ffiV^ 
[0050] ^rt5, €^J&«xe>"lt«$-SifelH'fcV- 



A-^^/Pgpcti. v^i5^9>S2<^:7cS^;!rx*ggBg$i^&^fe 

[005 1] ^7t. X}::ym^F IRX/F 2cr,ttmt 
UTtt. «fe ( F e ) . ( C O ) . ^r;l^ ( N 

i ) ^fc'omfifc. ife (Fe) . zi/<f].V (C 

o) . (N i ) , ^'oA (Cr ) <Oii'-^r<i:t> 

BfJf^lSN i Fe^-g-^. feSl-iti, CoNbZr^-^ 
FeTaC^^. CoTaZr^-^. FeAl 
S i F e B^-^^. C o F e B^-^^^SrifcOft 

ffiiasrW. &^Cr02 . Feg O4 . L 

ai_xSrxMn03 ^ifcr,^\-yj( ^;l^ffii4f^j5rffl 

Y'7yi'X'^(r>^mimw<?mmzmtt:.mL^^ 
•th h<7i^msm{Lxm\^ti\iii\.\ 

[0052] 

[^^j] JiiT. mm^mmv-:>r>:^^m<r>mm(m 
[0053] (mi (r>^m) t-r. ^%m(r>m i ^on 

MHbLX. Si (v-yny) -MOS (Metal-Oxide- 
Semiconductor) RfeS^f-v'*;wt-^Sxbr>'h7> 

[0 0 54] ia4{i. 2|s^^a|OXtr>'h5>'>''X^'iO 

wmm&^mtmmxhh, ^hi=>. mm (a) a 
^(mmmm. 1112(b) a^co^mmm^^ti^im 
•r. 

[0055] :mmmizii\.^xii. pm-yo ^ymRi 
o(o±izy-himm2o^Wiif. y-hotcmEES-w 

[0 0 56] y-xsat/Fu-o-Dkrii, v^m«>^ 

§2 00nintfD^ (Fe) *-^^r.S.^fi8ttSFl. F2 

K^mSftfCfc^^ 'J • -^yifym I rMn*>A, 

<^^®©fc:J:'5, |S|0t^EPMO^r|fafc:l|3ir$-a:-cv^ 

m<,z J: 0 Bai^-c'0!te-r s i: *»'-c # ^ . 

[0 0 57] Z<r)h'7y=JX'!f(^^^r^lVmt \ nm^ 
^^)i'mi 5 u mXh 0 . ^^*- 2 0t:itLX 

r;i'5-'>A (Ai ) y-hmeiG*<m§ixTv^^. 

[0 0 58] hmfiiG{?DJ^{±: S50 nmiO<t;f 

ms&6« vu-(yD ^m^-ti>mmmim f 2 <o8aMk«o[pi 
[0059] m^<r)WiMm^cm\'^<r/ti^QPimti 
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[0 0 6 0] ttc. ^mmmcohyyi^x^vii. 

1006 1] 05 (a) fi, 2|=^«?!l<Oh5^i^';^:5'<7) 

Hu-^f ymM-y-hms. ( i d -Vq > ^^m-t^ 

2£0iS'fk*«y-;^ scr)5ijKtt«cF 1 o^l-^b^c^*LT¥^T 

[00 6 2] Z<^^^^yi}^^m^hJ:ot,z. y-hmK 
*>'@affiWE (Vt~0. 1 2V) SrSi.-g.f: Hl^-f ^-m 

it) 2%T'J)-?7t. 

[0 0 6 3] laS (b){i:, Hk^ h'^>f V« 

( I D -Vd ) ittt^S-t^^^Hrfts. .r^iT. 
xs<7)mmi^F icommzMtxwiT^^. Ami 

[0064] f >-^:^7«EVp = Vg -Vy ^TX' 
05 (a) tmmizmi 2%tfOMRJt*<#^>ixTV^ 

[ 0 0 6 5 ] Vd *>'Vp J^LhcOgSSl^liTiif-r ^^/t-/ 

[0066] zzT. :miMm^zm-?>}mmt lx. 
^tiSf^L^::, -r^hio. z<7)^mmizi5\^x^i. y- 

h«|gGc7)J^Sriai (b) 0*n<JiX^?^i:{i:-»J"r, 

[0067] z<7)itMtm<r> h y y'Jx:Sf<r>mm'ms.ii. 

*liJfeW<7) h 7 y ->'X^' i: {5»InI to. 11 YX'h-ofz 
ifi. y-hSBEO. 2Vtci3(t^H^^>'«a[(jJf;lju 
Atii:^U)t. c:<J5^-?<OMRJt{i*?iO. 3%k.mibX 

[00681 •t^£hir>. y- h«SiG^ >'\-^'-:zy^-r 

ClttcJ:'?, MRJtSr:*:iifclS<-rSii:3&«-C#Sifc 

ijmmX'^fz. 

[0069] (m2OSIM09) iXtC. *»BJc0lg2<^ll 
jtMfctr. nSl nA 1 As/I nGaAs*»<i>^:«> 



SIR H-r^v-r Dltitco 2 WiMr^^x im\^tzX\^y 
hyy^x^f^m^Lfz, 

[0 070] El6{i. ^mmm<^x}::yhy yi^'X^cT) 

mBm^i:m.-tm^mx'h?>> -fkh-h. (a) 
-r. 

[007 1 ] 2f:||l(6MtCtJV^T{±. InGaAsJiSO 
tOitI nAl As«4 0$ra(t. InAlAs/In 
G a A s '^xn^lUffifcJg^^ /IS 2 aC7n«^l^ 3 0 

[ 0 0 7 2 ] y- h«figG«1^>f XJ!3 iy^J^^eJi:. H 1 

I nGaAs«3 0<0±fc:xe:J'dfS^A';l'««U;t. 51 
KttficF 2coM«aiiJ:t/^^^-;i'i:«LfcSSgBaOia* 
fi«iMixt> (001) ffii:^-oTt^S. 

10 0 7 3^1 ^mmm<ox}:^yh'^y':^x^ii^ mi^ 
mmcoh^yi^xis^bmmiz. ^m&m2(Dmit<7)fiii 

mimm(7)h'^y'jxif<m3i^T3f>*). *<;3 5%«o 
MRit^mm^tifz, :^m.m^z}i\^xmlm^mtit 

[0 0 74] h'7yi^XiS^(r>MRttii. ¥^ 

«c (^-r^^/u) ( F 2 ) ^m<7)^mmLi)mm 
^i^F2(r>m\:::}}\^izim-thfci^i,z±[^^i3i. mil:)} 

(r>x\iycr>^t i,zm^-ti>^tbTh 0 . lKfS(*a!0>''<:>' b' 

[ 0 0 7 5 ] VN'>- K«}t{i:-«fc, yj/PT ^^/-V t 

vfi£ti&i&msm<7)'t*x'^^ti. mtiSFeoMA^ 
s- [0 0 1 ] ■)j^izmtsm^it'fVfi^TyY-y<r>z^m 

^Tsm^ti. Mmm<ommmim\'^x£^i. a 2 

(DXoizimx'sm^ti^. 

[007 6] ia7l;:aLitJ:-5lc:. ^ (Fe) wn'^H 

mmiimkThi>iii. Tyyx\fy^<y}^iiy^/u^m 

&(7)m.mx'^ 1 ^7)M«-^tt$r^t^>. yxi^yj^y H{4 

A2. A2' . A5«0i^«^ttSrJ$-5-CV-»|>. — In 

Ga A s^-t^^/Uff^ [001] -^jfiiizmtim^co^^y 

Al*«jxttS:*>orv^S. Plt^tSMtSrtoysV 

}^mi:m.^it^-^fi-rizmtszttn'^6<r)T [ 0 0 
1 ] l3t^i,zmtsT-/yx\::ywfii^W (^^^^^i-) 
/latt* ( F 2 ) *BBS:®ST# S^r&*t8«Sr 

[0077] -r^h-h tool] :^ri6ic7)iti#f*: (^A-^- 
JU) /iattt«c ( F 2 ) #iBJ43SiV%;^tf:^«frftt*J#-fe, 

[ 0 0 7 8 ] 111 mtMO h 5 y S^X^'TJ45SKe*F 
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2) *m<o;^t::^«{c#tt7&«ffl*W>{c/hS*»o7t*5. *|| 

[00 791 (f^stTym&m) mz^ :^^c/ys^3(rm 

[0080] 2|s^fl?(<o;^tr>h5>'i'';^^<o 

^a5^ifig$-^^5Cll-C$)S. -t^xh-h. US (a) (4 

■r. 

[0081] 3|s^MWCt5V^Tt, InGaAsaSO 
C7)±{C:I nAl As®4 0Sri§{t, InAlAs/In 
G a A s ^xng^-^^ffitcmSitl. 2 <?:7Cffi^^ 3 0 
AS:^-v*;l'fc'rs:^t:>'h5>>'*>t^«r-f^UJt. 

[ 0 0 8 2 1 flL. *IIS£CTfZi5V">T{4. V-XS t L 
TXfU'>Aat^GaAs5r|g(tJt. y- h«BiGcO-9->f 

[0 084] Clif. y--XS<OGaAs(;i:frP3il3et 

7t3KLS:B^L. 3$lS14«:F20JS'fbi7)[6]#^SIE$-li: 

J: y-::^ ScOG a A s 4'tc:«Mfii^co«^3iiSlJ 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a spin transistor which has 
large magnetization dependency of a drain current and is superior 
in high speed reading. 

SOLUTION: The spin transistor is provided with a source (S) having 
a spin polarization part (F1) for forming spin-polarized electrons, a 
drain (D) having magnetic substance (F2), and a channel (C) for 
introducing electrons from the source to the drain. A point contact 
(QP) is formed between the channel and the drain. As a result, a 
high MR ratio can be obtained so that magnetism detection 
sensitivity and reading speed can be remarkably improved as 
compared with the conventional ones. 
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* NOTICES * 

JPO and NCIPI are not, responsible £or any 
damages caused by ^he use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The spin transistor characterized by having had the source section which has the spin polarization 
section which generates the electron which carried out spin polarization, the drain section which has the 
magnetic substance, and the channel section which leads an electron to said drain section from said source 
section, and forming point contact between said channel sections and said drain sections. 
[Claim 2] The spin transistor characterized by to form point contact between said channel sections and said 
drain sections by having the gate electrode which forms the source section which has the spin polarization 
section which generates the electron which carried out spin polarization, the drain section which has the 
magnetic substance, and the channel section which leads an electron to said drain section from said source 
section by impressing an electrical potential difference to a semi-conductor layer, and giving a neck to the 
configuration of said gate electrode. 

[Claim 3] Said spin polarization section is a spin transistor according to claim 1 or 2 characterized by consisting 
of a compound semiconductor which excites the electron which carried out spin polarization by the exposure of 
light which carried out the circular polarization of light. 

[Claim 4] It is the spin transistor according to claim 1 or 2 characterized by consisting of an alloy containing the 
iron (Fe) which carried out orientation to the crystal orientation with fixed either at least of said spin 
polarization section and said magnetic substance, nickel (nickel), cobalt (Co), or these. 

[Claim 5] Said source section is the spin transistor of any one publication of claim 1-4 characterized by having a 
tunnel junction. 

[Claim 6] It is the spin transistor according to claim 1 or 2 characterized by the thing of said spin polarization 
section and said magnetic substance which either at least consists of a compound magnetic semiconductor. 
[Claim 7] Said channel section is the spin transistor of any one publication of claim 1-6 characterized by being 
the two-dimensional electron gas field formed into a semi-conductor. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a spin transistor, this invention is used more for a detail as high density storage 
elements, such as magnetic sensors, such as the magnetic head for high density magnetic-recording read-out, 
and magnetism RAM (MRAM: Magnetic Random Access Memory) or magnetism ROM (MROMiMagnetic 
Read Only Memory), a photo detector, etc., and relates to a suitable spin transistor. 
[0002] 

[Description of the Prior Art] The densification of magnetic recording and improvement in the speed have many 
places which are located in a line with amelioration of a magnetic-recording medium, and are undertaken to the 
advance of a magnetic recording medium, and the advance of the magnetic head used for writing and read-out 
of magnetic recording especially. For example, although the relative velocity of a magnetic-recording medium 
and the magnetic head for read-out becomes small with the miniaturization of a magnetic-recording medium, 
and large-capacity-izing, development of a giant magneto-resistance head (Giant MagnetoResistance effect: 
OMR head) is furthered as the magnetic head for read-out new type which can take out a big output even in 
such a case. 

[0003] The GMR head has the property in which magnetic-reluctance rate of change (MR ratio) was greatly 
excellent as compared with the conventional MR (MagnetoResistance effect) head. And the GMR head of the 
tunnel junction mold with which the more excellent property is expected recently attracts attention quickly. 
[0004] The conventional magnetic-recording medium functions as a magnetic disk, i.e., file memory, and the 
information is used once it is read into the semiconductor memory (DRAM, SRAM) of the body of a computer. 
Although semiconductor memory has the property which was excellent in many, it also has the big fault of 
consuming the power of a large quantity for storage maintenance. Although development of the flash memory 
which is vinnecessary in the power for storage maintenance, FRAM (Ferroelectric Memory: dielectric memory), 
etc. is furthered in recent years, all are rewritten and it has the big fault that a count is limited. 
[0005] On the other hand, although rewriting has also begun development of repeatable magnetic memory 
(MRAM) to infinity substantially, for the implementation, development of the ingredient or device in which big 
MR ratio is shown is desired. As a component which shows bigger MR ratio compared with the conventional 
spin bulb film, a "magnetic-substance tunnel junction component" attracts attention, and the attempt which 
forms the magnetic head and magnetic memory is advanced by combining them and a MOS transistor, using 
them. 

[0006] Development of the spin transistor with which the property which was furthermore further excellent 
compared with the magnetic-substance tunnel junction component is expected, or a spin bulb transistor has 
begun, such a spin transistor — for example, S.Datta ** — AppLPhys.Lett. and 56 (1990) It is indicated by 
p.665. 

[Problem(s) to be Solved by the Invention] Drawing 12 is a mimetic diagram showing the important section 
configuration of the conventional spin transistor, and this drawing (a) is a mimetic diagram to which the cross- 
section configuration and this drawing (b) express the flat-surface configuration. 
[0007] This transistor is considering the two-dimensional electron gas channel section C formed in the 
ferromagnetic Fel which forms some sources S, the ferromagnetic Fe2 which makes a part of drain D, and the 
semi-conductor layer prepared among these as that basic configuration. 

[0008] The electron which carried out spin polarization is poured into the channel section C according to the 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/2 1/2005 
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magnetization direction of the ferromagnetic Fl by the side of the source. On the other hand, the magnitude of a 
drain current changes with the sense of magnetization of the ferromagnetic F2 which constitutes a part of drain 
D. And when the ferromagnetic F2 is magnetized by a ferromagnetic Fl and the same direction, channel current 
tends to flow, and when the reverse sense is magnetized on the other hand, channel current caimot flow easily. 
[0009] That is, it has the property that channel current changes according to the direction of the magnetization 
of a ferromagnetic Fe2 to the magnetization direction of a ferromagnetic Fel , Therefore, using for the 
application of a magnetometric sensor etc. is possible. 

[0010] However, it had the big fault that the conventional spin transistor which was illustrated to drawing 12 
had the small current change by the sense of ferromagnetic Fe2 magnetization, for this reason high-speed read- 
out was difficult for it. 

[001 1] This invention is made based on recognition of this technical problem, and the object has the 
magnetization dependency of a drain current in offering the spin transistor which was greatly excellent in high- 
speed read-out. 

[Means for Solving the Problem] In order to attain the above-mentioned object, the 1st spin transistor of this 
invention is equipped with the source section which has the spin polarization section which generates the 
electron which carried out spin polarization, the drain section which has the magnetic substance, and the 
channel section which leads an electron to said drain section from said source section, and is characterized by 
forming point contact between said channel sections and said drain sections. 

[0012] Moreover, the 2nd spin transistor of this invention The source section which has tiie spin polarization 
section which generates the electron which carried out spin polarization, the drain section which has the 
magnetic substance, and by impressing an electrical potential difference to a semi-conductor layer It has the 
gate electrode which forms the channel section which leads an electron to said drain section from said source 
section, and is characterized by forming point contact between said channel sections and said drain sections by 
giving a neck to the configuration of said gate electrode. 

[0013] According to the configuration of the 1st and 2nd transistors of the above, by forming point contact, high 
MR ratio is obtained and it becomes possible to improve magnetic detection sensitivity and a read-out rate 
substantially conventionally, 

[0014] In addition, vertical lay length shall be less than [ electronic wavelength extent or it ] here to the 

direction where "point contact" means the joint limited to the size which the quantum effectiveness produces to 

the electron which carried out spin polarization, and the size, i.e., an electron, flows. 

[0015] For example, the channel section is formed with a semi-conductor, and when the wavelength of the 

electron in the semi-conductor is lOnm, size of point contact is made into less than [ lOnm or it ]. 

[0016] Moreover, in the case of the 2nd spin transistor of the above, detailed point contact can be formed 

certainly and easily by processing a gate electrode. 

[0017] Moreover, said spin polarization section can be used as the thing which consists of a compound 
semiconductor which excites the electron which carried out spin polarization by the exposure of light which 
carried out the circular polarization of light, then a polarization sensing element. 

[0018] Moreover, the thing which consists of an alloy containing the iron (Fe) which carried out orientation to 

the crystal orientation with fixed either at least of said spin polarization section and said magnetic substance, 

nickel (nickel), cobalt (Co), or these, then strong magnetization are obtained easily, high MR ratio is obtained, 

sensibility is high and the spin transistor by which actuation was stabilized can be realized. 

[0019] Moreover, said source section becomes possible [ making still higher the rate of spin polarization of the 

thing which has a tunnel junction, then the electron supplied to the channel section ]. 

[0020] Moreover, since consistency with the semi-conductor layer which constitutes the thing of said spin 

polarization section and said magnetic substance which either at least becomes from a compound magnetic 

semiconductor, then the channel section, etc. is good and becomes easy [ epitaxial growth etc. ], injection 

efficiency of the electron which carried out spin polarization can be made high. 

[0021] Moreover, said channel section can lower the thing which is the two-dimensional electron gas field 
formed into a semi-conductor, then the probability for an electron to lose spin information by dispersion in the 
channel section. In the conventional spin transistor illustrated to drawing 12 R> 2, it became clear that the 
following three factors were mentioned as a cause that change of the drain current accompanying change of the 
direction of magnetization is small, as a result of examination of this invention person. 
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[0022] The 1 st factor is a small thing first as compared with resistance of the channel section C for which the 
interfacial resistance between the channel sections C and Drains D depending on the sense of magnetization 
does not depend on the sense of magnetization. That is, although the magnitude of a drain current is decided by 
the electrical potential difference impressed between the source/drain, and the resistance between the 
source/drain, what the latter is the sum of the interfacial resistance between the source / channel and a channel / 
drain and resistance of the channel section, and it depends for on the sense of ferromagnetic F2 magnetization is 
only the interfacial resistance between a channel/drain. 

[0023] That is, in order to increase the magnetization direction dependency (MR (Magneto-resistance) ratio of a 
component) of a drain current, it is required to increase the interfacial resistance between a channel/drain. 
[0024] The 2nd factor with small MR ratio of a component is that the magnetization direction dependency of 
interfacial resistance itself is small. Therefore, it is required to increase magnetization direction dependency 
with a certain means, 

[0025] The 3rd factor is that the rate of spin polarization of the electron injected into a channel from the source 
is small. MR ratio of a component conducts a channel and is dependent on the rate of spin polarization of the 
electron which flows to a drain, and the rate of spin polarization of the ferromagnetic of a drain. Therefore, MR 
ratio can be raised more by a certain approach by injecting an electron with the high rate of spin polarization 
into a channel from the source. 

[0026] this invention person hit on an idea by adopting the "point contact" which becomes a chaimel / drain 
joint from a semi-conductor / metal junction as a result of the above consideration to remove the fault of ttie 
conventional-type spin transistor resulting from the above-mentioned 1st and the 2nd above-mentioned factor. 
[0027] Moreover, in order for MR ratio to solve the 3rd small factor, it is necessary to inject an electron with 
the high rate of spin polarization into a channel. In the spin transistor of this invention, the source can be 
constituted from a compovmd semiconductor and an electron with the high rate of spin polarization can be 
poured into a channel field by pouring into a channel field the spin polarization electron excited by the circular 
polarization of light in the compound semiconductor. Or an electron with the high rate of spin polarization can 
be injected into a charmel also by making the sovirce into a magnetic tunnel junction and impressing an 
electrical potential difference to the up electrode of a magnetic tunnel junction, and lower inter-electrode one. 
[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, referring to a 
drawing. 

[0028] Drawing 1 is a mimetic diagram showing the important section configuration of the spin transistor 
conceming the gestalt of operation of this invention. That is, in the cross-section configuration and this drawing 
(b), this drawing (a) expresses the flat-surface configuration, respectively. 

[0029] The transistor of this invention is considering the channel section C formed in the ferromagnetic F2 
which makes the spin polarization section Fl which makes some sources S, and a part of drain D, and the semi- 
conductor layer prepared among these as the basic configuration. 

[0030] Although it consists of a ferromagnetic which the spin polarization section Fl prepared in Source S has 
the operation which generates the electron which carried out spin polarization, for example, expressed to 
drawing 12 , otherwise, a compound magnetic semiconductor, the compound semiconductor which generates 
the electron which carries out spin polarization by the circular polarization of light are included so that it may 
explain in fiill detail behind. 

[0031] Impregnation of the spin polarization electron from Source S to the channel section C is the same as that 
of the conventional transistor illustrated to drawing 12 . That is, the electron which carried out spin polarization 
is poured into the channel section C according to the magnetization direction of the spin polarization section Fl 
by the side of the source. And when the ferromagnetic F2 which constitutes a part of drain D is magnetized by 
the spin polarization section Fl and the same direction, channel current tends to flow, and when the reverse 
sense is magnetized on the other hand, channel current cannot flow easily. 

[0032] And in the case of the transistor of this invention, point contact QP is formed between the charmel 
section C and Drain D. Point contact QP forms the detailed contact which is extent which a quantum size effect 
may produce to a ferromagnetic. That is, in the case of the transistor of this invention, to the ferromagnetic F2 
which constitutes a part of drain D, such detailed contact is formed and an electron is given from the channel 
section C. 

[0033] Hereafter, the concept of "point contact" that this invention can be set is explained first. 
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[0034] Drawing 2 is a conceptual diagram showing the example of reference of the point contact component 
constituted with the magnetic substance. 

[0035] This component is 2 terminal component which has neck N among the up-and-down magnetic electrodes 
110 and 120, and resistance changes with the sense of magnetization of a vertical electrode. Although the very 
big value of several 100% is reported as rate of change of resistance until now, the reason which shows big rate 
of change is explained as a phenomenon accompanying the ballistic conduction of the quantized electron. 
Although point contact is an outstanding component which shows big resistance rate of change, it is necessary 
for producing it to produce neck N of electronic wavelength extent. Although the wavelength of the conduction 
electron in a metal is about Inm, since it is difficult with a current technique to produce a neck with a width of 
face of about Inm with sufficient repeatability, this component has stopped at the phase of a fundamental 
research. 

[0036] in addition, as what indicated such a point contact component The magnetic minute contact which made 
two needlelike nickel (nickel) associate, or the magnetic minute contact at which two magnetite was contacted 
Respectively Reference N.Garcia and M.Munoz, and Y.-W.Zhao and Physical Review Letters and vol.82, 
p2923 (1999) And J. J.Versluijs, M.A.Bari and J.M.D.Coey Physical Review Letters, voL87, and p26601-l 
(2001) It is indicated. 

[0037] If it retums to drawing 1 again and explanation is continued, by forming such point contact QP in a spin 

transistor, current change by the sense of the ferromagnetic F2 magnetization which constitutes a part of drain D 

will be enlarged by leaps and bounds, and high-speed read-out will also become possible. 

[0038] Point contact QP is realizable by making the configuration of for example, the gate electrode G into the 

configuration of the channel section C of drawing 1 . That is, the gate electrode G of the configuration 

converged toward Drain D corresponding to the channel section C of drawing 1 (b) is formed. 

[0039] If gate voltage is impressed to such a gate electrode G, in the field corresponding to the configuration of 

the gate electrode G, depletion-izing or reversal will arise among the semi-conductor layers used as a channel, 

and the channel section C will be formed. Thus, an electron can be confined in a neck QP, i.e., point contact, 

with the potential barrier of the formed channel section C. Since there is lOnm or more of wavelength of the 

electron in a semi-conductor, the width of face of a neck QP, i.e., point contact, is also good at about several 

lOnm. Formation of point contact QP of such size is possible enough with a current technique. 

[0040] Moreover, point contact QP is realizable also by carrying out patteming of the semi-conductor layer 

which constitutes a channel. For example, what is necessary is to etch the semi-conductor layer which can serve 

as the channel section C, and just to form the mesa of the configuration of the channel section C of drawing 1 

(b). 

[0041] Or only the part of the channel section C of drawing 1 (b) may be made to remain as an active region by 
injecting an inactivation element into a semi-conductor layer selectively. As an inactivation element in this case, 
according to a semiconductor material, hydrogen, a proton, oxygen, iron, and various kinds of elements can be 
chosen suitably, and, in addition to this, can be used, for example. 

[0042] Since according to this invention the contact resistance between the channel section C and Drain D 
increases remarkably as compared with chaimel resistance and the magnetization dependency of contact 
resistance rises by forming point contact QP between the chaimel section C and Drain D, the magnetization 
direction dependency (MR ratio) of a drain current can be raised by leaps and bounds. 
[0043] If a memory cell like drawing 3 R> 3 is constituted using such a spin transistor, it is theoretically 
possible to use as solid-state MAG memory (MRAM) new type. 

[0044] For example, a binary code can be written in by fixing the sense of magnetization of the ferromagnetic 
used as the spin polarization section Fl , and making magnetization of a ferromagnetic F2 change to 
magnetization, p2irallel, or anti-parallel of Fl by the magnetic field produced according to a write-in (omitted in 
drawing 3 ) current. Read-out of a code can impress an electrical potential difference to the word line WL 
connected with the gate G of a transistor, can change a transistor into an ON (ON) condition, and can detect the 
sense of ferromagnetic F2 magnetization by observing the drain cxirrent which flows a bit line BL. 
[0045] In the case of the memory cell with which it expressed to drawing 3 , at the conventional MRAM using a 
magnetic tunnel junction, 1 bit can consist of only one transistor to one tunnel jimction and one transistor 
having been required for as a 1 -bit component. 

[0046] And according to this invention, it is still more advantageous at the point that high-speed read-out of the 
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current change by the sense of ferromagnetic F2 magnetization of a spin transistor also becomes possible 
greatly for this reason. 

[0047] On the other hand, it depends for the magnetization direction dependency (MR ratio) of a drain current 
also on the rate of spin polarization of the electron poured into the channel section C from Source S. Since the 
rate of spin polarization of the conduction electron which exists in ferromagnetics, such as iron (Fe) and cobalt 
(Co), is at most about 50%, the rate of polarization of the electron poured into the channel section C from these 
spin polarization section Fl is also at most about 50%. 

[0048] In order to pour in the electron of the higher rate of spin polarization, a compound semiconductor is used 
for Source S in one gestalt of this invention. By irradiating the circular polarization of light, the electron of the 
high rate of spin polarization can be excited in a compound semiconductor, and MR ratio of a component can be 
fiirther raised by pouring in the electron at the channel section C. 

[0049] Moreover, by using a magnetic tunnel junction for Source S, an electron with the more high rate of spin 
polarization is injected into a channel, and MR ratio can be raised. 

[0050] In addition, in order for an electron to reach Drain D from Source S, without losing spin information, it 
is necessary to control dispersion in the channel section C. As for the channel section C, from this viewpoint, it 
is desirable to fiilfiU the conditions in which the so-called two-dimensional electron gas is formed. 
[0051] As an ingredient of the spin polarization sections Fl and F2, moreover, simple substances, such as iron 
(Fe), cobalt (Co), and nickel (nickel). Or iron (Fe), cobalt (Co), nickel (nickel), the alloy of chromium (Cr) that 
contains one of elements at least. Or the NiFe system alloy called a "permalloy". Or a CoNbZr system alloy, a 
FeTaC system alloy, a CoTaZr system alloy, The half metal magnetic substance, such as soft magnetic 
materials, such as a FeAlSi system alloy, a FeB system alloy, and a CoFeB system alloy, a Heusler alloy, and 
Cr02, Fe 304, Lal-XSrXMn03, can be used. Namely, what is necessary is to choose suitably what has a 
property according to the semiconductor material and application of a transistor, and just to use it from from, 
among these ingredients. 
[0052] 

[Example] Hereafter, the gestalt of operation of this invention is fiirther explained to a detail, referring to an 
example. 

[0053] (The 1st example) The spin transistor which uses an Si(silicon)-MOS (Metal-Oxide-Semiconductor) 
inversion layer as a channel is first explained as the 1st example of this invention. 

[0054] Drawing 4 is a mimetic diagram showing the important section configuration of the spin transistor of 
this example. That is, in the cross-section configuration and this drawing (b), this drawing (a) expresses the flat- 
surface configuration, respectively. 

[0055] In this example, when the gate insulating layer 20 was formed on the p type silicon substrate 10 and the 
electrical potential difference was impressed to Gate G, the structure of an MOS transistor where an inversion 
layer 12 was formed directly under this was adopted. 

[0056] The ferromagnetic layers Fl and F2 which all consist of iron (Fe) with a thickness of 200nm are used for 
Source S and Drain D. Furthermore, magnetization of Fl film by the side of Source S is made to fix in the 
direction of the arrow head M of this drawing by the exchange magnetic field from the iridium manganese layer 
IrMn which is the antiferromagnetic substance. On the other hand, magnetization of the ferromagnetic film F2 
of Drain D can be rotated in a field by the extemal magnetic field. 

[0057] The channel length of this transistor is 1 micrometer, channel width is 5 micrometers, and (Aluminum 
aluminum) gate electrode G is formed through gate dielectric film 20. 

[0058] The configuration of the gate electrode G is carrying out the special configuration with neck QP with a 
width of face of 50nm. Although the channel section (inversion layer) C will be formed directly under the gate 
electrode G and a drain current will flow if a forward electrical potential difference is impressed to the gate 
electrode G, it changes with the sense of magnetization of the ferromagnetic layer F2 from which the current 
constitutes Drain D. 

[0059] Since motion of the electron which flows neck QP with electronic thin wavelength extent is limited to 
the electron which advances in the direction which passes a neck mostly at parallel and the wavelength (and 
energy) is quantized, the spin dependency of interfacial resistance increases. 

[0060] Moreover, with the transistor of this example, the interfacial resist2ince between the channel section C 
and Drain D is sufficiently large as compared with the interfacial resistance between Source S and the channel 
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section C, and channel resistance. 

[0061] Drawing 5 (a) is a graphical representation showing the drain cxirrent-gate voltage (ID-VG) property of 
the transistor of this example. Here, the drain electrical potential difference VD was fixed to 0.5V. moreover, 
the continuous line in drawing — magnetization of the ferromagnetic F2 of Drain D ~ magnetization of the 
ferromagnetic Fl of Source S ~ receiving — case it is parallel — a dotted line — anti — the case, ***♦, is 
expressed, respectively. 

[0062] When gate voltage exceeded threshold voltage (VT-0.12V) so that this graph might show, a drain current 

began to flow, and change (MR ratio) of the current by the sense of magnetization was about 12%. 

[0063] Drawing 5 (b) is a graphical representation showing a drain current-drain electrical-potential-difference 

(ID-VD) property. Here, gate voltage VG was fixed to IV. moreover, drawing 5 (a) ~ the same — a continuous 

line — magnetization of the ferromagnetic F2 of Drain D — magnetization of the ferromagnetic Fl of Source S - 

- receiving — case it is parallel — a dotted line — anti — the case, ****^ is expressed, respectively. 

[0064] Although about 12% of MR ratio was obtained like drawing 5 (a) below by pinch-off- voltage VP=VG- 

VT, when VD exceeded VP, MR ratio decreased quickly, and stopping depending for a drain cxirrent in the 

magnetization direction of F2 was observed. 

[0065] In the saturation region more than VP, the potential barrier occurs with depletion-izing a channel / drain 
inter-electrode in VD, and it is considered that it stops almost depending for it on the sense of magnetization 
since a drain current is decided by resistance of this barrier. 

[0066] The spin transistor which uses as a channel the Si-MOS inversion layer which made the same other 
configurations except point contact QP as an example of a comparison over this example here was also made as 
an experiment. That is, in this example of a comparison, like drawing 1 (b), the configuration of the gate 
electrode G was not made into the convergence configuration, but was continued and established on the channel 
semi-conductor layer like the usual transistor on the whole surface. 

[0067] Although the threshold voltage of the transistor of this exeimple of a comparison was the 0.1 IV [ almost 
same ] as the transistor of this example, the drain current in gate voltage 0.2 V increased to about 1 micro A. MR 
ratio of this component was very as small as about 0.5%. 

[0068] That is, it has checked that MR ratio could be substantially made high by forming the point contact QP 
formed by carrying out patteming of the gate electrode G. 

[0069] (The 2nd example) Next, the spin transistor using the two-dimensional electron gas of terrorism structure 
was made as an experiment as the 2nd example of this invention to the selection dope which consists of n mold 
InAlAs/InGaAs. 

[0070] Drawing 6 is a mimetic diagram showing the important section configuration of the spin transistor of 
this example. That is, in the cross-section configuration and this drawing (b), this drawing (a) expresses the flat- 
surface configuration, respectively, 

[0071] In this example, the InAlAs layer 40 was formed on the InGaAs layer 30, and the spin transistor which 
uses as a channel two-dimensional electronic system 30A formed in an InAlAs/InGaAs heterojimction interface 
was produced. 

[0072] Although [ the size and the configuration of the gate electrode G ] it is the same as that of the 1st 
example, the ferromagnetic F2 of Drain D grew epitaxially on the InGaAs layer 30. As for field bearing of the 
end face which touched the film front face of a ferromagnetic F2, and the channel, all serve as a field (001). 
[0073] Like the transistor of the 1st example, although the drain current changed with the sense of 
magnetization of a ferromagnetic F2, the rate of the change is about 3 times the transistor of the 1st example, 
and about 35% of MR ratio was observed by the spin transistor of this example. The reason big MR ratio was 
obtained in this example as compared with the 1st example is considered as follows. 

[0074] That is, although it is generated in order that the interfacial resistance of a semi-conductor (channel) / 
magnetic-substance (F2) interface may depend for MR ratio of a transistor in the magnetization direction of a 
ferromagnetic F2, the cause for which it depends in the magnetization direction is for the transmission of the 
electron which penetrates an interface to be dependent on the sense of electronic spin, and originates in the band 
structure of the magnetic substance. 

[0075] Although the electron which band structure is generally expressed in the wave number space called a 
Brillouin zone, for exeimple, advances under the crystal of Fe in the [001] directions is expressed as a point on 
** line of a Brillouin zone, the condition is distinguished with the symmetric property of a wave fimction, and is 
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usually described by the notation like **1 and **2 using the irreducible representation of group theory. 
[0076] Although iron (Fe) band structure is complicated as expressed to drawing 7 , a rise spin band has the 
symmetry of **1 near the Fermi level, and the down spin band has **2, **2', and the symmetry of **5. On the 
other hand, the band of the electron which advances the inside of an InGaAs channel in the [001] directions has 
delta 1 symmetric property. Since an electron can advance between bands with the same symmetry, without 
being reflected, the rise spin electron which advances in the [001] directions can penetrate a semi-conductor 
(channel) / magnetic-substance (F2) interface, but since an electron cannot advance between bands with 
different symmetry, a down spin electron is reflected strongly. 

[0077] That is, the semi-conductor (channel) / magnetic-substance (F2) interface of the [001] directions have a 
strong spin dependency, and, for that reason, it is thought with this component that high MR ratio was obtained. 

[0078] With the transistor of the 1 st example, although the spin dependency of a semi-conductor (channel) / 
magnetic-substance (F2) interface was relatively small since a ferromagnetic F2 was the polycrystalline 
substance, in the transistor of this example, it is thought that this spin dependency became still larger and MR 
ratio also became large. 

[0079] (The 3rd example) Next, the spin transistor with which Source S consists of a compound semiconductor 
is explained as the 3rd example of this invention. 

[0080] Drawing 8 is a mimetic diagram showing the important section configuration of the spin transistor of 
this example. That is, in the cross-section configuration and this drawing (b), this drawing (a) expresses the flat- 
surface configuration, respectively. 

[0081] Also in this example, the InAlAs layer 40 was formed on the InGaAs layer 30, and the spin transistor 
which uses as a channel two-dimensional electronic system 30A formed in an InAlAs/InGaAs heterojunction 
interface was produced. 

[0082] However, in this example, gallium arsenide GaAs was prepared as the source S. The size and the 
configuration of the gate electrode G presupposed that it is the same as that of the 1st and 2nd examples. 
[0083] According to the sense of magnetization of a ferromagnetic F2, a drain current changes 1st and 2nd 
similarly [ in the transistor of this example ]. 

[0084] Here, when the light L which carried out the right-handed circularly polarized light to GaAs of Source S 
was irradiated, the sense of magnetization of a ferromagnetic F2 was reversed and change of a drain current was 
measured, 50% of MR ratio was observed. The electron of the rate of high polarization is excited by the circular 
polarization of light in GaAs of Source S, and the reason to which MR ratio became large is considered to be 
because for it to have been poured into the channel section C. Although it is clear fi"om this principle of 
operation, the transistor of this example can also be used as a circular polarization of light sensing element. 
[0085] (The 4th example) Next, Soxirce S explains the spin transistor which has a tunnel junction as the 4th 
example of this invention. 

[0086] Drawing 9 is a mimetic diagram showing the important section cross-section configuration of the spin 
transistor of this example. 

[0087] Also in this example, the InAlAs layer 40 was formed on the InGaAs layer 30, and the spin transistor 
which uses as a channel two-dimensional electronic system 30A formed in an InAlAs/InGaAs heterojunction 
interface was produced. 

[0088] However, the magnetic tunnel junction of the laminated structure which consists of an iron cobalt 
(FeCo) alloy / a (Aluminum aluminum) oxide film / iron (Fe) was prepared as the source S. An electron is 
supplied to the channel section C of the two-dimensional electron gas of an InAlAs/InGaAs junction interface 
fi-om this magnetic tunnel junction. Point contact QP was formed between the channel section C and a 
ferromagnetic F2 by carrying out patterning of the gate electrode G like the 1st thru/or the 3rd example. 
Moreover, the FeNi alloy was prepared in Drain D as a ferromagnetic. 

[0089] In order that the cross-section configuration of a transistor might perform efficient electron injection to 
the two-dimensional electronic channel section C, as expressed to drawing 9 , it was made into the shape of a 
mesa, and formed Source S and Drain D in the side face. Here, the channel length of a transistor set to 1 
micrometer, and channel width was set to 5 micrometers. 

[0090] The magnetic substance Fe of the upper and lower sides in the laminated structure prepared in Source S 
and FeCo were made to magnetize in this direction. As for this transistor, a drain current chemges according to 
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the sense of magnetization of the ferromagnetic FeNi of Drain D. MR ratio showed 38% at the time of gate 
vohage VG=1 V and drain electrical-potential-difference VD=0.5V. 

[0091] **** of the electron poured into the channel section C from the source S which consists of a magnetic 
tunnel junction as a reason to which MR ratio became large in this example edited by spin is considered because 
it becomes large as compared with the case of only the magnetic substance like the 1st example. 
[0092] Furthermore, improvement in same MR ratio was accepted also in the spin transistor which has structure 
which was expressed to drawing 10 . namely, the magnetic tunnel junction which was prepared in Source S in 
the case of the transistor with which it expressed to this drawing — iron (Fe) — it has a laminated structure 
called /golden (Au) / iron (Fe) / (Aluminum aluminum) oxide film / aluminum (alviminum). Iron (Fe) / golden 
(Au) / iron (Fe) which is a part of this laminated structure are the so-called "spin bulb" structures. However, in 
the case of this example, the two-layer iron in this spin bulb film (Fe) was magnetized in this direction, 
respectively. 

[0093] It thinks because the electronic rate of spin polarization at which the reason MR ratio becomes large is 
poured into the channel section C becomes high [ the case of the transistor with which it expressed to drawing 
10]. 

[0094] (The 5th example) Next, the spin transistor with which Source S and Drain D consist of a magnetic 
semiconductor is explained as the 5th example of this invention. 

[0095] Drawing 1 1 is a mimetic diagram showing the important section cross-section configuration of the spin 
transistor of this example. 

[0096] Also in this example, the InAlAs layer 40 was formed on the InGaAs layer 30, and the spin transistor 
which uses as a channel two-dimensional electronic system 30A formed in an InAlAs/InGaAs heterojunction 
interface was produced. 

[0097] However, Source S and Drain D consisted of gallium manganese and an arsenic magnetic semiconductor 
GaMnAs, respectively, and the spin transistor with which point contact QP is formed was produced by carrying 
out patteming of the gate electrode G. 

[0098] Epitaxial membrane formation of the GaMnAs was carried out using the molecular beam epitaxy 
method. Channel length set to 1 micrometer and channel width was set to 5 micrometers. 
[0099] With the transistor of this example, MR ratio showed 50%. According to GaMnAs of Source S, and an 
interface with the channel section C, loss of the spin information by spin reversal etc. cannot take place easily, 
and the reason whose MR ratio improved greatly is considered because the electron of the rate of high 
polarization can be poured into the channel section C, in case an electron is poured into the channel section C 
from GaMnAs, since there is little turbulence of a crystal, 

[0100] Moreover, the same way, loss of the spin information on the electron which flows through point contact 
QP also in Drain D since there is little turbulence of the crystal in an interface with the channel section C cannot 
break out easily, and it is thought that it has contributed to improvement in MR ratio. 

[0101] In the above, the gestalt of operation of this invention was explained, referring to an example. However, 
this invention is not limited to these examples. For example, it is included by the range of this invention, as long 
as it can carry out this invention similarly and the same effectiveness can be acquired about configurations and 
construction material, such as the concrete dimension relation and the concrete ingredient of each element 
which constitutes a spin transistor, other substrates, an electrode, a conductivity type, a dopant, and 
discontinuous construction, when this contractor chooses firom a public domain suitably. 
[0102] Moreover, components, such as a ferromagnetic in the spin transistor of this invention, the channel 
section, and the spin polarization section, are good also as structure which could form as a monolayer, 
respectively or carried out the laminating of the two or more layers. 

[0103] In addition, all the spin transistors that this contractor can carry out by carrying out a design change 
suitably belong to the range of this invention similarly based on the spin transistor mentioned above as a gestalt 
of operation of this invention. 
[0104] 

[Effect of the Invention] As explained in full detail above, according to this invention, a spin polarization 
electron is poured into channel fields, such as a two-dimensional electron gas system, fi-om the source, the 
component which MR ratio can be large and can use can be offered by forming point contact between a channel 
field and a drain in the spin FET from which a drain current changes with the sense of magnetization of the 
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magnetic substance which constitutes a drain, and the merit on industry is great. 
[Translation done.] 
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* NOTICES * 

JPO and NCZPI are not: responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 10] 
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